
19 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets ©  Publication  number:  0  4 0 5   670   B 1  

12 EUROPEAN  PATENT  S P E C I F I C A T I O N  

©  Date  of  publication  of  patent  specification 
30.08.95  Bulletin  95/35 

©int.   ci.6:  H01L  31/11,  H01L  31 /02 ,  
HO  1L  27/144,  G 1 1 B 7 / 0 9  

©  Application  number:  90201646.8 

©  Date  of  filing  :  25.06.90 

©  Radiation-sensitive  semiconductor  device  and  reading  or  writing  unit  comprising  such  a 
radiation-sensitive  semiconductor  device. 

©  Priority  :  28.06.89  NL  8901629 

@  Date  of  publication  of  application 
02.01.91  Bulletin  91/01 

©  Publication  of  the  grant  of  the  patent  : 
30.08.95  Bulletin  95/35 

©  Designated  Contracting  States  : 
DE  FR  GB  IT  NL 

©  References  cited  : 
EP-A-  0  251  402 
GB-A-  2  080  026 
US-A-  3  786  264 
US-A-  4  663  749 
US-A-  4  669  071 

CO 
o  
<o 
m  
o  

UJ 

©  Proprietor  :  Philips  Electronics  N.V. 
Groenewoudseweg  1 
NL-5621  BA  Eindhoven  (NL) 

@  Inventor  :  Bierhoff,  Martinus  Petrus  Maria 
c/o  INT.  OCTROOIBUREAU  B.V., 
Prof.  Holstlaan  6 
NL-5656  AA  Eindhoven  (NL) 

©  Representative  :  Smeets,  Eugenius  Theodorus 
J.  M.  et  al 
INTERNATIONAAL  OCTROOIBUREAU  B.V., 
Prof.  Holstlaan  6 
NL-5656  AA  Eindhoven  (NL) 

Note  :  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any 
person  may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted. 
Notice  of  opposition  shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been 
filed  until  the  opposition  fee  has  been  paid  (Art.  99(1)  European  patent  convention). 

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



1 EP  0  405  670  B1 2 

Description 

The  invention  relates  to  a  radiation-sensitive 
semiconductor  device  comprising  a  semiconductor 
body  having  a  first  semiconductor  region  of  a  first 
conductivity  type  adjoining  with  one  side  the  surface 
of  the  semiconductor  body  and  adjoining  within  the 
semiconductor  body  at  a  certain  distance  from  and 
substantially  parallel  to  the  surface  a  second  semi- 
conductor  region  of  a  second  conductivity  type  oppo- 
site  to  the  first  type  and  forming  a  first  pn  junction 
therewith.  The  invention  further  relates  to  a  reading 
or  writing  unit  comprising  such  a  device. 

Such  radiation-sensitive  semiconductor  devices 
form  inter  alia  an  essential  part  of  an  optical  recording 
system,  such  as  the  so-called  Compact  Disk  (CD), 
laser  vision  (LV)  and  Compact  Disk  Video  (CDV),  by 
means  of  which  information  can  be  read  optically,  or 
the  Digital  Optical  Recording  (DOR),  by  means  of 
which  information  is  written  and  read.  In  such  sys- 
tems,  electromagnetic  radiation  to  the  information 
carrier  and  information  is  obtained  from  the  reflected 
radiation  by  detecting  it  by  means  of  a  radiation-sen- 
sitive  semiconductor  device  of  a  kind  mentioned  in 
the  opening  paragraph.  Especially,  use  is  then  made 
of  a  number  (for  example  four)  of  such  semiconductor 
regions  and  associated  pn  junctions,  which  are  ar- 
ranged  adjacent  to  each  other. 

Such  a  radiation-sensitive  semiconductor  device 
is  known  from  the  English  abstract  of  Japanese  Kokai 
61-154063  (date  of  publication  12-7-1986),  which  is 
published  in  Pat.  Abstracts  of  Japan,  Vol.  10,  29  No- 
vember  1986,  No.  356  (E-459),  p.  26  under  No.  E- 
45926.  A  semiconductor  body  is  described  therein 
having  a  first  semiconductor  region  of  the  n-conduc- 
tivity  type,  which  is  disposed  in  an  epitaxial  layer  of 
the  n-conductivity  type  adjoining  the  surface  and  ad- 
joins  within  the  semiconductor  body  at  a  certain  dis- 
tance  from  and  parallel  to  the  surface  an  epitaxial  lay- 
er  of  the  p-conductivity  type  and  forms  a  pn  junction 
therewith. 

A  disadvantage  of  the  known  radiation-sensitive 
semiconductor  device  is  that,  when  several  of  such  pn 
junctions  are  arranged  beside  each  other  in  the  sem- 
iconductor  body  -  for  example  to  detect  different  parts 
of  a  radiation  beam  -,  the  separation  region  of  such 
pn  junctions  -  viewed  laterally  -  causes  a  large  dip  in 
the  radiation  sensitivity.  Two  pn  junctions  are  sepa- 
rated  laterally  in  the  known  semiconductor  device  by 
a  region  of  the  p-conductivity  type  sunken  into  the 
epitaxial  layer  of  the  n-conductivity  type.  When  the 
distance  of  the  pn  junction  from  the  surface  is,  for  ex- 
ample,  10  urn  -  a  distance  necessary  for  radiation 
having  a  large  depth  of  penetration  -,  the  width  of  this 
insensitive  region  is  also  about  10  ^m.  This  is  very  ob- 
jectionable  especially  for  beams  of  radiation  com- 
monly  used  in  practice  having  a  diameter  of  afew  tens 
of  microns.  The  same  disadvantage  is  obtained  when 

the  separation  is  constituted  by  an  etched  groove.  An- 
other  disadvantage  of  the  known  semiconductor  de- 
vice  consists  in  the  presence  of  a  separation  circuit 
comprising  capacitors  having  a  capacitance  of  about 

5  40  pF  between  the  amplifiers  connected  to  the  pn 
junctions  and  constructed  as  a  split-band  amplifier. 
The  amplifiers  comprise  on  the  one  hand  four  D.C.- 
coupled  amplifiers  each  amplifying  a  current  through 
a  pn  junction,  with  which  the  so-called  focus  error  sig- 

10  nal  is  formed,  and  on  the  other  hand  one  A.C.-coupled 
amplifier  for  amplifying  the  sum  of  the  currents 
through  the  pn  junctions,  with  which  the  so-called 
data  signal  is  formed.  When  these  capacitors  are  in- 
tegrated,  comparatively  large  parasitic  capacitances 

15  are  obtained  with  respect  to  the  substrate,  which  is 
undesirable  for  the  amplification  of  the  data  signal.  A 
further  disadvantage  of  the  known  radiation-sensitive 
semiconductor  device  consists  in  the  limited  possibil- 
ity  of  integration  of  the  most  suitable  amplifiers  for  the 

20  focus  error  signal.  For  this  signal,  the  most  suitable 
amplifiers  are  so-called  Class  B  amplifiers,  which 
have  a  small  offset.  When  the  substrate  is  of  the  p- 
conductivity  type,  the  first  semiconductor  region 
forms  part  of  an  epitaxial  layer  of  the  n-conductivity 

25  type  and  the  Class  B  amplifier  must  comprise  pnp 
transistors.  Pnp  transistors  having  accurately  de- 
fined  properties  cannot  readily  be  manufactured  in  an 
n-type  epitaxial  layer  because  they  must  be  formed 
laterally.  For  an  n-type  substrate  and  a  p-type  epitax- 

30  ial  layer,  the  same  holds  for  the  npn  transistors  then 
required. 

The  present  invention  has  inter  alia  for  its  object 
to  provide  a  radiation-sensitive  semiconductor  de- 
vice,  which,  also  if  several  pn  junctions  are  present, 

35  at  least  substantially  does  not  exhibit  a  dip  in  the  ra- 
diation  sensitivity  and  which  permits  an  integration  of 
Class  B  amplifiers,  while  no  large  capacitances  are 
required. 

According  to  the  invention,  a  radiation-sensitive 
40  semiconductor  device  of  the  kind  described  in  the 

opening  paragraph  isforthis  purpose  characterized  in 
that,  viewed  in  projection,  within  the  first  semiconduc- 
tor  region  at  least  two  further  regions  are  present, 
which  are  located  at  the  surface  and  each  form  a  f  ur- 

45  ther  pn  junction  with  the  first  semiconductor  region 
substantially  parallel  to  the  surface  and  at  a  smaller 
distance  therefrom  than  the  first  pn  junction  and  are 
coupled,  like  the  first  semiconductor  region,  to  read- 
ing  members  by  means  of  which  a  current  can  be 

so  measured.  Thus,  the  said  disadvantages  are  elimin- 
ated  to  a  considerable  extent: 
In  the  first  place,  the  further  pn  junctions  can  be  ar- 
ranged  laterally  much  more  closely  to  each  other  be- 
cause  they  are  located  more  closely  to  the  surface.  As 

55  a  result,  the  dip  in  the  photosensitivity  to  the  focus  er- 
ror  signal  becomes  much  smaller.  At  the  same  time, 
the  photosensitivity  to  the  data  signal  remains  high 
because  it  is  derived  from  the  current  in  the  reading 
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member  coupled  to  the  first  semiconductor  region. 
The  photosensitivity  of  the  further  pn  junctions  used 
for  the  focus  signal,  which  is  comparatively  low  with 
respect  to  the  known  semiconductor  device  can  be 
compensated  for  by  amplification  because  the  noise  5 
then  occurring  is  of  high  frequency  (MHz  range), 
whilst  the  focus  error  signal  is  of  low  frequency  (kHz 
range).  In  the  second  place,  the  most  suitable  Class 
B  amplifiers  can  now  be  integrated  because  the  po- 
larity  of  the  further  pn  junctions  used  for  the  focus  er-  10 
ror  signal  is  inverse  with  respect  to  the  polarity  of  the 
pn  junctions  in  the  known  device.  For  an  epitaxial  lay- 
er  of  the  n-conductivity  type,  such  an  amplifier  now 
comprises  npn  transistors,  while  in  the  case  of  a  layer 
of  the  p-conductivity  type  these  transistors  are  now  15 
pnp  transistors.  Finally,  with  integration  of  amplifiers 
for  both  the  data  signal  and  the  focus  error  signal  due 
to  the  connection  scheme  of  amplifiers  to  the  radia- 
tion-sensitive  semiconductor  device  according  to  the 
invention  the  addition  of  comparatively  large  capaci-  20 
tors  can  be  omitted. 

It  is  to  be  noted  that  GB  patent  no.  2,080,026 
shows  a  radiation-sensitive  device  used  for  the  same 
application  as  the  present  invention.  This  device  con- 
tains  a  first  surface  semiconductor  region  in  which  25 
further  surface  regions  of  an  opposite  conductivity 
type  are  provided.  The  further  regions  are  coupled  to 
a  reading  member  by  means  of  which  a  current  can 
be  measured.  The  device  of  this  citation  however, 
does  not  contain  a  semiconductor  region  of  the  oppo-  30 
site  conductivity  type  below  the  first  region  nor  is  the 
first  region  coupled  to  a  reading  member  by  means  of 
which  a  current  can  be  measured. 

It  is  further  to  be  noted  that  US  patent  no. 
3,786,264,  that  deals  with  smoke  and  intrusion  35 
alarms  and  the  like,  shows  a  radiation-sensitive  sem- 
iconductor  device  with  a  first  surface  semiconductor 
region  below  which  a  second  region  of  an  opposite 
conductivity  type  is  provided.  The  semiconductor  de- 
vice  also  shows  at  its  surface  a  further  region  of  the  40 
opposite  conductivity  type  that  is  divided  into  subre- 
gions.  However,  these  subregions  have  a  common 
(earth)  connection  and  are  not  coupled  to  a  reading 
member  by  means  of  which  a  current  can  be  meas- 
ured.  Furthermore,  also  the  first  semiconductor  re-  45 
gion  of  the  device  of  this  patent  is  not  coupled  to  such 
a  reading  member,  but  instead  its  output  only  has  eith- 
er  a  low  or  high  value. 

In  a  first  embodiment,  within  the  first  semicon- 
ductor  region  four  further  regions  are  present,  which  50 
are  located  at  the  surface  and  are  each  situated  in  a 
quadrant  of  the  first  semiconductor  region.  Such  an 
embodiment  is  particularly  suitable  for  the  aforemen- 
tioned  use  in  a  system  for  optical  recording.  The  data 
signal  corresponds  to  the  overall  current  in  the  four  55 
quadrants.  The  focus  error  signal  is  derived,  for  ex- 
ample,  from  the  difference  of  the  sum  of  the  currents 
in  quadrants  located  on  a  diagonal  and  the  sum  of  the 

currents  in  the  quadrants  located  on  the  other  diago- 
nal. 

In  another  embodiment,  the  relative  distance  of 
the  further  semiconductor  regions  is  so  small  that  at 
a  usual  cut-off  voltage  the  depletion  regions  contact 
each  other  at  the  surface.  As  a  result,  a  dip  in  the  re- 
sponse,  when  the  beam  of  radiation  is  present  above 
the  region  between  the  further  semiconductor  re- 
gions,  becomes  a  minimum. 

In  a  further  embodiment,  the  further  regions  are 
regions  of  the  second  conductivity  type,  which  are 
sunken  into  the  first  semiconductor  region  over  a  part 
of  the  thickness  thereof  from  the  surface.  The  further 
regions  can  thus  be  obtained  in  a  simple  manner,  for 
example  by  implantation  or  diffusion. 

The  relative  distance  of  the  further  regions  is  pre- 
ferably  not  more  than  5  and  is  chosen  so  that  the 
depletion  regions  of  the  further  pn  junctions  contact 
each  other  at  the  surface,  as  a  result  of  which  a  mini- 
mum  dip  in  the  photosensitivity  occurs.  The  distance 
of  the  first  pn  junction  from  the  surface  is  at  least 
equal  to  the  depth  of  penetration  of  the  electromag- 
netic  radiation  to  be  measured  and  the  distances  of 
the  further  pn  junctions  from  the  surface  are  small 
with  respect  thereto.  Thicknesses  and  doping  con- 
centrations  are  chosen  so  that  at  a  usual  cut-off  vol- 
tage  -  for  example  5  V  -  across  the  pn  junctions  a  com- 
plete  depletion  occurs.  The  term  "depth  of  penetra- 
tion"  is  to  be  understood  to  mean  herein  the  distance 
over  which  the  intensity  of  the  radiation  has  de- 
creased  by  a  factor  Me.  When  all  radiation  is  detected 
within  the  depth  of  penetration,  that  is  to  say  that  all 
the  electron-hole  pairs  generated  are  collected,  the 
quantum  efficiency  is  (1-1/e),  which  is  approximately 
0.63  or  63  %.  For  increasing  the  efficiency,  the  sur- 
face  of  the  radiation-sensitive  semiconductor  body 
can  be  covered  with  a  suitable  so-called  anti-reflex 
coating.  For  detecting  electromagnetic  radiation  in 
the  wavelength  range  of  about  700  to  900  nm,  which 
is  a  range  usual  for  optical  recording  systems,  the 
semiconductor  body  is  preferably  made  of  silicon  and 
the  distance  of  the  first  pn  junction  from  the  surface 
is  at  least  from  about  5  to  about  1  5  ^m,  while  the  dis- 
tance  of  the  further  pn  junctions  from  the  surface  is 
about  2  nm.  The  depth  of  penetration  follows  from  the 
absorption  coefficient,  which  varies  for  this  wave- 
length  range  from  about  2000  to  650  cm-1  and  varies 
from  about  5  to  about  1  5  ^m.  For  a  wavelength  of 
800  nm,  which  corresponds  to  a  wavelength  of  a 
GaAs/AIGaAs  semiconductor  diode  laser  commonly 
used  in  practice,  the  distance  of  the  first  pn  junction 
from  the  surface  is  about  9  and  the  distance  of  the 
further  pn  junctions  from  the  surface  is  about  2  ^m. 

A  further  embodiment  of  a  radiation-sensitive 
semiconductor  device  according  to  the  invention  is 
characterized  in  that  the  first  semiconductor  region 
forms  part  of  an  epitaxial  layer  of  the  first  conductivity 
type,  which  is  located  on  a  semiconductor  substrate 
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of  the  second  conductivity  type  and  in  which  a  third 
semiconductor  region  of  the  second  conductivity  type 
is  disposed,  which  is  sunken  from  the  surface,  reach- 
es  as  far  as  the  semiconductor  substrate  and  enclos- 
es,  viewed  in  projection,  the  first  semiconductor  re- 
gion,  while  the  further  regions  are  semiconductor  re- 
gions  sunken  from  the  surface.  By  using  an  epitaxial 
layer,  the  radiation-sensitive  semiconductor  device 
according  to  the  invention  can  be  manufactured  in  a 
simple  manner  and  with  very  favourable  properties. 
Moreover,  inter  alia  the  required  amplifiers  can  thus 
readily  be  integrated.  Outside  the  first  semiconductor 
region,  other  regions  located  at  the  surface,  which 
may  also  be  sunken  semiconductor  regions  of  the  first 
conductivity  type,  may  be  provided,  which  form  other 
pn  junctions  with  other  semiconductor  regions  of  the 
second  conductivity  type  within  the  semiconductor 
body  approximately  parallel  to  the  surface  and  at  a 
smaller  distance  therefrom  than  the  first  pn  junction, 
which  other  regions  are  coupled  to  further  reading 
members,  by  which  a  current  can  be  measured.  In  a 
system  for  optical  recording,  for  example  the  so-cal- 
led  tracking  may  be  ensured  with  these  other  pn  junc- 
tions  located  outside  the  pn  junctions  arranged  in  a 
quadrant.  If,  for  example,  two  of  such  other  pn  junc- 
tions  are  present,  a  tracking  signal  may  be  formed 
from  the  difference  of  the  currents  through  the  one 
and  through  the  other  pn  junction.  These  other  pn 
junctions  may  also  be  separated  from  their  environ- 
ment  by  a  separation  isolation.  Preferably,  a  radia- 
tion-sensitive  semiconductor  device  according  to  the 
invention  is  manufactured  starting  from  a  p-type  sili- 
con  substrate  with  an  n-type  epitaxial  layer  disposed 
thereon. 

In  a  further  embodiment,  the  amplifiers  for  the 
current  in  the  reading  members  coupled  to  the  first 
semiconductor  regions  and  to  the  further  or  other  re- 
gions  are  included  in  the  semiconductor  body.  This 
important  embodiment  offers  the  possibility  of  man- 
ufacturing  compact  and  inexpensive  devices  having 
excellent  properties.  The  amplifiers  for  the  current  in 
the  reading  members  coupled  to  the  further  or  other 
regions  are  preferably  Class  B  amplifiers.  Such  an 
amplifier  has  a  very  small  offset,  which  is  of  particular 
importance  for  the  focus  error  signal.  The  amplifier 
for  the  current  in  the  reading  member  coupled  to  the 
first  semiconductor  region  is  preferably  a  broadband 
amplifier,  by  which  a  low-noise  amplification  of  the 
data  signal  can  be  obtained. 

More  particularly  if  the  amplifiers  are  integrated 
in  the  semiconductor  device,  a  reading  or  writing  unit 
can  be  obtained  having  excellent  properties  and  a 
small  number  of  components,  as  a  result  of  which  the 
cost  price  of  such  a  unit  is  comparatively  low. 

A  further  explanation  of  the  invention  will  now  be 
given  with  reference  to  an  embodiment  and  the  ac- 
companying  drawings,  in  which: 

Figure  1  is  a  cross-section  taken  on  the  line  l-l  of 
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Figure  2  of  an  embodiment  of  a  radiation-sensi- 
tive  semiconductor  device  according  to  the  inven- 
tion; 
Figure  2  is  a  plan  view  of  the  radiation-sensitive 

5  semiconductor  device  of  Figure  1  ; 
Figure  3  shows  diagrammatically  an  amplifier  cir- 
cuit  for  an  optical  recording  system,  in  which  the 
radiation-sensitive  semiconductor  device  of  Fig- 
ure  1  is  included; 

10  Figure  4  and  Figure  5  show  the  radiation-sensi- 
tive  semiconductor  device  of  Figure  1  at  succes- 
sive  stages  of  manufacture; 
Figure  6  shows  the  electric  circuit  diagram  of  a 
Class  B  amplifier; 

15  Figure  7  is  a  cross-section  of  an  embodiment  of 
a  radiation-sensitive  semiconductor  device  ac- 
cording  to  the  invention,  with  which  a  Class  B  am- 
plifier  of  Figure  6  is  integrated. 
The  Figures  are  schematic  and  not  drawn  to 

20  scale,  while  for  the  sake  of  clarity  particularly  the  di- 
mensions  in  the  direction  of  thickness  are  exaggerat- 
ed.  Corresponding  parts  are  generally  designated  by 
the  same  reference  numerals  in  the  different  Figures. 
Semiconductor  regions  of  the  same  conductivity  type 

25  are  generally  cross-hatched  in  the  same  direction. 
Figure  1  shows  in  cross-section  an  embodiment 

of  a  radiation-sensitive  semiconductor  device  accord- 
ing  to  the  invention  comprising  a  semiconductor  body 
1,  of  which  a  representative  part  is  shown  in  the  Fig- 

30  ure.  Figure  2  is  a  plan  view  of  the  radiation-sensitive 
semiconductor  device  of  Figure  1.  The  semiconductor 
body  1  comprises  a  substrate  14,  in  this  example  of 
silicon  having  a  doping  of  about  5  x  1015  at/cm3  and 
of  the  g-conductivity  type.  A  semiconductor  layer  13 

35  of  silicon  is  disposed  thereon  having  a  thickness  of 
about  9  nm  a  doping  of  about  3.5  x  1015  at/cm3  and 
of  the  n-conductivity  type.  Regions  15  of  the  g-con- 
ductivity  type  are  present  therein,  which  have  a  dop- 
ing  concentration  of  about  1018  at/cm3  and  reach  as 

40  far  as  the  substrate  14.  In  the  semiconductor  layer  13 
is  provided  within  the  sunken  regions  15  a  semicon- 
ductor  region  2,  which  forms  with  the  substrate  14  a 
pn  junction  5,  which  is  located  at  a  distance  of,  in  this 
example  9  nm  from  the  surface  3  and  approximately 

45  parallel  thereto.  Viewed  in  projection,  a  number  (in 
this  example  four)  of  further  regions  6,  7,  6',  7'  located 
at  the  surface  and  consisting  in  this  example  of  sunk- 
en  semiconductor  regions  of  the  g-conductivity  type, 
are  present  within  the  semiconductor  region  2,  which 

so  regions  each  form  a  further  pn  junction  8,  9  with  the 
first  semiconductor  region  2  approximately  parallel  to 
the  surface  3  and  at  a  smaller  distance  therefrom 
than  the  first  pn  junction  5.  The  first  semiconductor 
region  2  is  coupled  to  a  reading  member  10  and  the 

55  further  regions  6,  7,  6',  7'  are  coupled  to  reading 
members  11,  12,  11',  12',  by  which  a  current  can  be 
measured.  The  semiconductor  regions  6,  7,  6',  7' 
have  a  doping  concentration  of  about  1018  at/cm3. 

4 
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The  dimensions  of  the  contact  regions  30,  31,  33  are 
about  6x6  nm2.  The  dimensions  of  the  semiconduc- 
tor  region  2  are  about  90  x  90  nm2  and  those  of  the 
semiconductor  regions  6,  7  are  about  40  x  40  nm2. 
The  width  of  the  sunken  semiconductor  region  15  is 
about  10  nm  and  the  relative  distance  of  the  semicon- 
ductor  regions  6,  7  and  the  smallest  distance  there- 
from  from  the  semiconductor  region  1  5  is  about  5  nm. 
In  this  example,  within  the  semiconductor  layer  13, 
viewed  in  projection,  outside  the  first  semiconductor 
region  2  further  other  regions  16,  17  located  at  the 
surface,  in  this  example  two  sunken  semiconductor 
regions  of  the  ^-conductivity  type,  are  present  within 
other  semiconductor  regions  18,  19  of  the  n-conduc- 
tivity  type,  which  other  regions  form  within  the  semi- 
conductor  body  1  at  a  distance  of  in  this  example 
about  2  nm  from  and  approximately  parallel  to  the 
surface  3  other  pn  junctions  20,  21  with  these  other 
semiconductor  regions  18,  19.  The  further  other  re- 
gions  16,  17  are  coupled  via  the  contact  regions  33  to 
further  reading  members  22,  23,  by  which  a  current 
can  be  measured.  The  other  semiconductor  regions 
18,19  are  also  surrounded  by  a  p-type  semiconductor 
region  15.  On  the  surface  3  is  disposed  an  approxi- 
mately  1  nm  thick  electrically  insulating  layer  25  of  sil- 
icon  dioxide,  which  is  interrupted  at  the  area  of  the 
semiconductor  regions  6,  7,  16,  17.  In  this  example, 
an  approximately  100  nm  thick  so-called  anti-reflex 
coating  of  silicon  nitride  is  present  on  this  layer.  The 
relative  distance  of  the  semiconductor  regions  6,  7,  6', 
7',  in  this  example  3  nm,  is  chosen  to  be  so  small  that 
the  depletion  regions  of  the  pn  junctions  8,  9,  8',  9' 
contact  each  other  at  the  surface  at  5  V.  The  radiation- 
sensitive  semiconductor  device  of  this  example  is 
suitable  for  an  optical  recording  system  operating  at 
a  wavelength  of  about  800  nm,  for  which  the  depth  of 
penetration  is  about  9  nm  The  distance  of  the  further 
pn  junctions  8,  9  from  the  surface  3,  in  this  example 
about  2  nm,  is  small  with  respect  to  the  depth  of  pen- 
etration.  All  distances  and  doping  concentrations  are 
chosen  so  that  at  a  cut-off  voltage  of  about  5  V  a  sub- 
stantially  complete  depletion  occurs.  In  the  reading 
member  10,  during  operation  a  photocurrent  was 
measured  which  corresponds  to  a  responsiveness  of 
0.42  A/W,  while  in  the  reading  members  11,  12,  11', 
12'  22,  23  a  photo-current  was  measured  correspond- 
ing  to  a  responsiveness  of  about  0.17  A/W.  From  the 
currents  in  the  reading  members  22,  23  coupled  to  the 
semiconductor  regions  16,  17  included  in  this  em- 
bodiment,  in  a  reading  or  writing  member  for  an  opti- 
cal  recording  system  the  so-called  "tracking  signal" 
having  a  band  width  of  a  few  kHz  is  derived.  Due  to 
the  relative  positions  of  the  semiconductor  regions  2, 
4,6,7  with  respect  to  each  other  in  the  semiconductor 
body  1  and  by  a  suitable  choice  of  the  semiconductor 
regions  to  which  reading  members  are  coupled,  ke  ̂
the  semiconductor  regions  2,  6,  7  and,  if  present,  the 
semiconductor  regions  16,  17,  a  number  of  advantag- 

es  are  thus  surprisingly  obtained:  in  the  first  place,  in 
the  reading  member  1  0  coupled  to  the  semiconductor 
region  2,  the  aforementioned  high  responsiveness  is 
attained  when  the  pn  junctions  5,  8,  9  are  furnished 

5  with  a  sufficiently  high  cut-off  voltage.  In  a  reading  or 
writing  member  of  a  system  for  optical  recording  of  in- 
formation,  the  information  can  be  read  out  from  the 
signal  obtained  with  this  high  responsiveness.  The 
frequency  of  this  so-called  "data  signal"  is  about  10 

10  MHz  and  the  signal  can  be  amplified  by  so-called 
broadband  amplifiers.  Moreover,  when  the  spot  of  the 
beam  of  electromagnetic  radiation  to  be  detected, 
which  has,  for  example,  a  diameter  of  about  50  nm, 
moves  over  the  surface  3  of  the  semiconductor  body 

15  1  from,forexample,thesemiconductorregion6tothe 
semiconductor  region  7,  only  a  very  small  dip  in  the 
aforementioned  high  responsiveness  is  observed.  As 
a  result,  a  better  focus  error  signal  is  obtained.  The 
lower  responsiveness  in  the  reading  members  11,12 

20  coupled  to  the  semiconductor  regions  6,  7  is  not  ob- 
jectionable  because  the  signal  in  this  reading  mem- 
ber,  which  is  of  comparatively  low  frequency  (about 
20  kHz),  can  be  subjected  to  a  low-noise  amplifica- 
tion.  The  same  applies  to  the  reading  members  22, 

25  23.  Further,  the  polarity  of  the  pn  junctions  8,  9,  like 
the  polarity  of  the  pn  junctions  20,  21,  in  deviation 
from  the  polarity  of  the  pn  junction  5,  is  suitable  for 
connection  to  a  so-called  Class  B  amplifier  compris- 
ing  npn  transistors,  which  can  be  excellently  integrat- 

30  ed  in  the  semiconductor  body.  Finally,  in  the  amplifi- 
ers  for  the  radiation-sensitive  devices  no  large  capac- 
itors  need  to  be  included,  which,  especially  when 
these  amplifiers  are  integrated  in  the  semiconductor 
body,  is  a  great  advantage. 

35  In  Figure  3,  for  illustration,  the  connection 
scheme  of  the  reading  members  coupled  to  the  radi- 
ation-sensitive  semiconductor  device  of  this  embodi- 
ment  is  shown  diagrammatically  and  separately.  The 
epitaxial  layer  (13  in  Figure  1)  is  indicated  here  as  a 

40  common  cathode  55,  with  which  the  substrate  44  (4 
in  Figure  1  )  forms  a  diode  42  having  a  capacitance  43 
with  respect  to  the  substrate  of  about  1  pF  and  with 
which  the  further  regions  (6,  7,  6',  7'  in  Figure  1)  lo- 
cated  at  the  surface  form  four  diodes  40  having  a  ca- 

45  pacitance  41  of  about  1/4  pF.  The  cathode  55  is  con- 
nected  via  a  connection  49  to  a  broadband  amplifier 
50,  across  which  a  feedback  resistor  53  of  about  20 
kQ  is  arranged  and  from  which  the  data  signal  is  ob- 
tained  at  54.  The  diodes  47  used  for  the  tracking  sig- 

50  nal  and  connected  to  a  cathode  56  are  furnished  with 
a  positive  voltage  via  a  connection  48.  Between  these 
cathodes  and  the  substrate  44,  diodes  45  are  formed, 
which  correspond  to  the  diode  42.  The  diode  40  with 
which  the  focus  error  signal  is  formed  and  the  diodes 

55  47  are  each  connected  to  a  Class  B  amplifier  51,  of 
which  consequently  six  are  present. 

The  radiation-sensitive  semiconductor  device 
described  can  be  manufactured  as  follows  (see  Fig- 

5 
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ures  4  and  5).  The  starting  material  is  a  substrate  14 
of  monocrystalline  p-type  silicon  having  a  doping 
concentration  of  about  5x  1015  at/cm3.  Subsequently, 
the  semiconductor  regions  1  5"'  are  formed  in  the  sur- 
face  of  the  semiconductor  substrate  14,  for  example 
by  means  of  ion  implantation  (see  Figure  4).  Subse- 
quently,  an  n-type  epitaxial  layer  13  of  silicon  is  grown 
thereon  having  a  thickness  of  about  9  and  a  dop- 
ing  concentration  of  about  3.5  x  1  015  at/cm3.  The  sem- 
iconductor  body  is  then  provided  with  a  layer  25, 
which  comprises  thermal  silicon  dioxide  (see  Figure 
5).  In  a  usual  manner,  openings  are  formed  therein, 
whose  position  corresponds  to  the  regions  1  5"',  which 
during  the  growing  process  also  have  formed  the  re- 
gions  15"  in  the  epitaxial  layer  13  by  outdiffusion  from 
the  substrate  14.  Subsequently,  by  deposition  of  an 
acceptor  the  regions  15'  are  formed,  after  which  by 
diffusion  a  connection  is  formed  between  the  regions 
1  5'  and  1  5".  Openings  are  then  formed  in  the  isolating 
layer  25,  in  which  the  semiconductor  regions  6,  7,  16, 
1  7  are  formed  by  means  of  acceptor  deposition  (see 
Figure  1).  Subsequently,  aftercleaning,  an  anti-reflex 
coating  26  consisting  of  silicon  nitride  having  a  thick- 
ness  of  about  100  nm  is  applied  by  means  of,  for  ex- 
ample,  sputtering.  This  anti-reflex  coating  26  is  not 
necessary,  but  may  be  used  advantageously.  Subse- 
quently,  the  contact  regions  30,  31  ,  32,  33  are  formed 
in  a  usual  manner  and  these  regions  are  connected 
via  connection  conductors  to  the  reading  members 
10,  11,  12,  22,  23  and  in  the  operating  condition  they 
are  furnished  via  these  regions  or  via  separate  con- 
nection  conductors  by  connection  to  a  voltage  source 
with  a  sufficiently  high  cut-off  voltage. 

As  amplifier  for  the  focus  error  signal  and  the 
tracking  signal,  more  particularly  the  so-called  Class 
B  amplifiers,  Lê   amplifiers  having  a  current  amplifier 
in  the  Class  B  adjustment,  are  very  suitable,  as  al- 
ready  has  been  stated  above  inter  alia  in  the  descrip- 
tion  of  Figure  3.  For  further  details  about  these  am- 
plifiers,  reference  may  be  made  to  Netherlands  Pa- 
tent  Application  8500059  in  the  name  of  the  Applicant, 
which  has  been  laid  open  to  public  inspection  on  1  Au- 
gust  1986.  An  example  of  an  electric  circuit  diagram 
of  such  an  amplifier  is  shown  diagrammatically  in  Fig- 
ure  6.  A  photodiode  60  is  present  therein,  for  example 
the  diode  40  of  Figure  3,  which  is  designated  by  the 
symbol  for  a  current  source  and  which  is  connected 
on  the  one  hand  at  the  point  67  via  a  resistor  (not 
shown)  to  a  supply  connection  point  and  on  the  other 
hand  to  the  input  68  of  the  amplifier.  The  amplifier 
comprises  an  input  stage  comprising  a  current  mirror 
of  transistors  61  and  62.  This  current  mirror  automat- 
ically  obtains  a  Class  B  adjustment  in  that  it  receives 
as  input  current  the  current  supplied  by  the  photo- 
diode  60.  The  output  transistor  62  of  said  mirror  is 
therefore  adjusted  by  the  signal  current  itself  and 
does  not  supply  an  output  current  when  the  signal  cur- 
rent  is  zero  and  therefore  does  not  exhibit  any  offset. 

The  collector  of  the  transistor  62  leads  via  the  point 
66  and  a  current  mirror  of  two  transistors  (not  shown) 
to  an  output  stage  (not  shown  either),  which  may  be 
a  conventional  output  stage.  In  order  to  considerably 

5  increase  the  amplification  of  the  combination  of  tran- 
sistors  61  and  62  with  respect  to  the  current  mirror 
amplification,  a  comparatively  low-ohmic  voltage 
source  63  with  direct  voltage  drop  E  is  included  in  the 
emitter  lead  of  the  transistor  61.  By  addition  of  this 

10  source,  the  amplification  becomes  (with  equal  effec- 
tive  emitter  surfaces)  equal  to  e<iE/kT>,  where  q  is  the 
elementary  charge,  k  is  the  Boltzmann  constant  and 
T  is  the  absolute  temperature. 

Figure  7  shows  in  cross-section  an  embodiment 
15  of  a  radiation-sensitive  semiconductor  device  accord- 

ing  to  the  invention,  with  which  a  Class  B  amplifier  as 
shown  in  Figure  6  is  integrated.  The  regions  corre- 
sponding  to  those  indicated  in  Figure  1  are  provided 
with  the  same  reference  numerals.  The  photodiode 

20  60  constitutes  one  of  the  diodes  of  Figure  1  arranged 
in  a  quadrant.  The  transistors  61  and  62  comprise  a 
p-type  base  region  31  and  an  n-type  emitter  region 
32.  The  collectors  of  these  transistors  comprise  the 
regions  30',  30",  30"'  and  30"",  which  constitute  a 

25  shallow  region,  a  deep  region,  an  outdiffused  region 
and  a  buried  n+  region,  respectively.  The  base,  emit- 
ter  and  collector  connections  are  as  shown  in  Figure 
6.  The  radiation-sensitive  semiconductor  device  ac- 
cording  to  the  invention  shown  in  this  embodiment 

30  provided  with  a  Class  B  amplifier  can  be  manufac- 
tured  in  the  same  manner  as  indicated  in  another  em- 
bodiment.  The  collectors,  which  comprise  n-type 
semiconductor  regions,  are  manufactured  in  the 
same  manner  as  the  separation  isolation  15,  which 

35  comprises  p-type  semiconductor  regions. 
It  should  be  noted  here  that  the  semiconductor 

layers  may  also  have  conductivity  types  or  doping 
concentrations  other  than  those  mentioned  here. 
Other  dopants  may  also  be  used. 

40  The  invention  is  not  limited  to  the  embodiments 
described  because  within  the  scope  of  the  invention 
many  modifications  and  variations  are  possible  for 
those  skilled  in  the  art.  For  example,  semiconductor 
materials  or  compositions  of  the  chosen  semiconduc- 

45  tor  materials  other  than  those  mentioned  in  the  em- 
bodiments  may  be  used.  Inter  alia  binary,  ternary  or 
quaternary  lll-V  semiconductor  materials  may  be 
used  besides  or  instead  of  silicon. 

The  conductivity  types  may  also  all  be  replaced 
so  (simultaneously)  by  the  opposite  types.  As  already 

stated  above,  the  embodiments  in  which  an  epitaxial 
layer  of  the  n-conductivity  type  is  provided  on  a  sem- 
iconductor  substrate  of  the  p-conductivity  type  is  of 
particular  advantage.  In  a  standardized  manner,  npn 

55  transistors  can  be  integrated  therein,  with  which  am- 
plifiers  for  the  signal  currents  produced  in  the  semi- 
conductor  device  are  formed.  In  particular,  so-called 
Class  B  amplifiers  can  thus  be  integrated  in  the  radi- 

6 
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ation-sensitive  semiconductor  device,  which  are  con- 
nected  to  the  semiconductor  regions  sunken  from  the 
surface.  The  polarity  of  the  last-mentioned  regions  - 
which  in  this  case  are  of  the  p-conductivity  type  -  is 
suitable  for  this  purpose. 

Besides,  the  invention  is  not  limited  to  the  use  of 
an  epitaxial  layer  and  to  the  use  of  implanted  and  dif- 
fused  separation  isolations  to  form  the  semiconduc- 
tor  regions,  as  in  the  embodiments  described.  For  ex- 
ample,  the  further  regions  located  at  the  surface  may 
also  comprise  thin  metal  layers,  which  form  with  the 
semiconductor  body  a  Schottky  junction,  which  is  ra- 
diation-sensitive,  provided  that  the  metallic  layer  is 
transparent  for  the  radiation  to  be  detected.  When  the 
further  regions  located  at  the  surface  comprise  sem- 
iconductor  regions,  the  latter  may  also  be  formed  by 
local  and/or  selective  epitaxy  on  a  semiconductor 
body  covered  by  a  masking  layer  in  openings  provid- 
ed  in  said  masking  layer.  Further,  the  first  semicon- 
ductor  region  or  more  of  those  regions  may  also  be 
obtained  by  a  combination  of  ion  implantation  and  dif- 
fusion  and  instead  of  a  separation  isolation  obtained 
by  means  of  ion  implantation  and  diffusion  a  separa- 
tion  isolation  obtained  by  means  of  etched  grooves 
may  be  used.  Local  oxidation  or  a  combination  of 
etching  of  grooves  and  oxidation  or  other  convention- 
al  methods  of  isolation,  such  as  ion  implantation,  may 
be  used. 

Claims 

1.  A  radiation-sensitive  semiconductor  device  com- 
prising  a  semiconductor  body  (1)  having  a  first 
semiconductor  region  (2)  of  a  first  conductivity 
type  adjoining  with  one  side  the  surface  (3)  of  the 
semiconductor  body  (1)  and  adjoining  within  the 
semiconductor  body  (1  )  at  a  certain  distance  from 
and  parallel  to  the  surface  (3)  a  second  semicon- 
ductor  region  (4)  of  a  second  conductivity  type 
opposite  to  the  first  type  and  forming  a  first  pn 
junction  (5)  therewith,  and  comprising,  viewed  in 
projection  within  the  first  semiconductor  region 
(2)  at  least  two  further  regions  (6,7)  of  the  second 
conductivity  type,  which  are  located  at  the  sur- 
face  (3)  and  which  each  form  a  further  pn  junction 
(8,9)  with  the  first  semiconductor  region  (2)  par- 
allel  to  the  surface  (3)  and  at  a  smaller  distance 
therefrom  than  the  first  pn  junction  (5),  character- 
ized  in  that  the  first  semiconductor  region  (2)  and 
the  at  least  two  further  regions  (6,7)  are  coupled 
to  reading  members  (10,11,12)  capable  of  meas- 
uring  radiation  current  signals  in  those  regions 
(2,6,7). 

2.  A  radiation-sensitive  semiconductor  device  as 
claimed  in  Claim  1,  characterized  in  that  within 
the  first  semiconductor  region  (2)  four  further  re- 

gions  (6,6',  7,7')  are  present,  which  are  located  at 
the  surface  (3)  and  are  each  arranged  within  a 
quadrant  of  the  first  semiconductor  region  (2). 

5  3.  A  radiation-sensitive  semiconductor  device  as 
claimed  in  Claim  1  or  2,  characterized  in  that  the 
further  regions  (6,7)  are  semiconductor  regions 
of  the  second  conductivity  type,  which  are  sunk- 
en  from  the  surface  (3)  into  the  first  semiconduc- 

10  tor  region  (2)  over  a  part  of  the  thickness  thereof. 

4.  A  radiation-sensitive  semiconductor  device  as 
claimed  in  Claim  1,  2  or  3,  characterized  in  that 
the  relative  distance  of  the  further  regions  (6,7) 

15  is  so  small  that  at  a  usual  cut-off  voltage  the  de- 
pletion  regions  contact  each  other  at  the  surface 
(3). 

5.  A  radiation-sensitive  semiconductor  device  as 
20  claimed  in  Claim  4,  characterized  in  that  the  rel- 

ative  distance  of  the  further  regions  is  at  most  5 
nm. 

6.  A  radiation-sensitive  semiconductor  device  as 
25  claimed  in  any  one  of  the  preceding  Claims,  char- 

acterized  in  that  the  distance  of  the  first  pn-junc- 
tion  (5)  from  the  surface  (3)  is  at  least  equal  to  the 
depth  of  penetration  of  the  electromagnetic  radi- 
ation  to  be  measured  and  the  distance  of  the  fur- 

30  ther  pn-junctions  (8,9)  from  the  surface  (3)  is 
small  with  respect  to  the  said  depth  of  penetra- 
tion,  while  the  said  distances  and  the  doping  con- 
centrations  of  the  semiconductor  regions  (2,6,7) 
are  chosen  so  that  these  regions  (2,6,7)  are  com- 

35  pletely  depleted  over  said  distances  at  a  usual 
cut-off  voltage  across  the  pn-junctions  (5,8,9). 

7.  A  radiation-sensitive  semiconductor  device  as 
claimed  in  Claim  6,  which  is  suitable  to  detect 

40  electromagnetic  radiation,  whose  wavelength 
lies  between  0,7  and  0,9  nm,  while  the  semicon- 
ductor  body  (1)  comprises  silicon,  characterized 
in  that  the  distance  of  the  first  pn-junction  (5) 
from  the  surface  (3)  lies  within  the  range  from  5 

45  to  1  5  nm  and  the  distance  of  the  further  pn-junc- 
tions  (8,9)  from  the  surface  (3)  is  about  2  nm. 

8.  A  radiation-sensitive  semiconductor  device  as 
claimed  in  Claim  7,  which  is  suitable  to  detect 

so  electromagnetic  radiation,  whose  wavelength  is 
0,8  nm,  characterized  in  that  the  distance  of  the 
first  pn-junction  (5)  from  the  surface  (3)  is  about 
9  nm. 

55  9.  A  radiation-sensitive  semiconductor  device  as 
claimed  in  any  one  of  the  preceding  Claims,  char- 
acterized  in  that  the  first  semiconductor  region 
(2)  forms  part  of  an  epitaxial  layer  (1  3)  of  the  first 

7 
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conductivity  type,  which  is  disposed  on  a  semi- 
conductor  substrate  (14)  of  the  second  conduc- 
tivity  type  and  in  which  a  third  semiconductor  re- 
gion  (15)  of  the  second  conductivity  type  is  pres- 
ent,  which  is  sunken  from  the  surface  (3),  reach-  5 
es  as  far  as  the  semiconductor  substrate  (14)  and 
encloses,  viewed  in  projection,  the  first  semicon- 
ductor  region  (2),  while  the  further  regions  (6,7) 
are  semiconductor  regions  (6,7)  sunken  from  the 
surface  (3).  10 

10.  A  radiation-sensitive  semiconductor  device  as 
claimed  in  Claim  9,  characterized  in  that  other  re- 
gions  (16,17)  of  the  second  conductivity  type  lo- 
cated  at  the  surface  (3)  are  present  outside  the  15 
first  semiconductor  region  (2)  within  other  semi- 
conductor  regions  (18,19)  of  the  first  conductivity 
type,  which  form  other  pn-junctions  (20,21)  with 
said  other  semiconductor  regions  (18,19)  within 
the  semiconductor  body  (1)  parallel  to  the  surface  20 
(3)  and  at  a  smaller  distance  therefrom  than  the 
first  pn-junction  (5),  which  other  regions  (16,17) 
are  coupled  to  further  reading  members  (22,23), 
by  means  of  which  a  current  can  be  measured. 

11.  A  radiation-sensitive  semiconductor  device  as 
claimed  in  Claim  10,  characterized  in  that  the  first 
semiconductor  region  (2)  is  of  the  n-conductivity 
type. 

12.  A  radiation-sensitive  semiconductor  device  as 
claimed  in  any  one  of  the  preceding  Claims,  char- 
acterized  in  that  amplifiers  (50,51)  for  the  current 
in  the  reading  members  (10,11,  1  2,22,23)  coupled 

14.  A  radiation-sensitive  semiconductor  device  as 
claimed  in  Claim  12  or  13,  characterized  in  that 
the  amplifier  (50)  for  the  current  in  the  reading 
member  (10)  coupled  to  the  first  semiconductor 
region  (2)  is  a  broadband  amplifier  (50). 

15.  Use  of  a  radiation-sensitive  semiconductor  de- 
vice  according  to  any  one  of  the  preceding  Claims 
in  a  reading  or  writing  unit  for  reading  or  writing 
information  in  an  optical  recording  system. 

Patentanspruche 

1.  Strahlungsempfindliche  Halbleiteranordnung  mit 
einem  Halbleiterkorper(l),  derein  erstes  Halblei- 

5  tergebiet  (2)  eines  ersten  Leitungstyps  hat,  das 
mit  einer  Seite  an  die  Oberflache  (3)  des  Halblei- 
terkorpers  (1)  grenzt  und  innerhalb  des  Halblei- 
terkorpers  (1)  in  einem  gewissen  Abstand  von  der 
Oberf  lache  (3)  und  parallel  zu  ihr  an  ein  zweites 

10  Halbleitergebiet  (4)  eines  zweiten,  dem  ersten 
Leitungstyp  entgegengesetzten  Leitungstyps 
grenzt  und  hiermit  einen  ersten  pn-Ubergang  (5) 
bildet  und  in  Projektion  gesehen  innerhalb  des 
ersten  Halbleitergebiets  (2)  mindestens  zwei  an 

15  der  Oberflache  (3)  liegende  weitere  Gebiete  (6, 
7)  des  zweiten  Leitungstyps  umfalit,  die  jeweils 
einen  weiteren  pn-Ubergang  (8,  9)  mit  dem  er- 
sten  Halbleitergebiet  (2)  parallel  zur  Oberflache 
(3)  und  in  kleinerem  Abstand  davon  als  der  erste 

20  pn-Ubergang  (5)  bilden,  dadurch  gekennzeich- 
net,  dali  das  erste  Halbleitergebiet  (2)  und  die 
mindestens  zwei  weiteren  Gebiete  (6,  7)  mit  Le- 
segliedern  (10,  11,  12)  gekoppelt  sind,  die 
Strahlungs/Strom-Signale  in  diesen  Gebieten  (2, 

25  6,  7)  messen  konnen. 

2.  Strahlungsempfindliche  Halbleiteranordnung 
nach  Anspruch  1,  dadurch  gekennzeichnet,  dali 
innerhalb  des  ersten  Halbleitergebiets  (2)  vieran 

30  der  Oberflache  (3)  liegende  weitere  Gebiete  (6, 
6',  7,  7')  vorhanden  sind,  die  jeweils  innerhalb  ei- 
nes  Quadranten  des  ersten  Halbleitergebiets  (2) 
angeordnet  sind. 

35  3.  Strahlungsempfindliche  Halbleiteranordnung 
nach  Anspruch  1  oder  2,  dadurch  gekennzeich- 
net,  dali  die  weiteren  Gebiete  (6,  7)  Halbleiterge- 
biete  des  zweiten  Leitungstyps  sind,  die  von  der 
Oberflache  (3)  aus  in  das  erste  Halbleitergebiet 

40  (2)  uber  einen  Teil  dessen  Dicke  versunken  sind. 

4.  Strahlungsempfindliche  Halbleiteranordnung 
nach  Anspruch  1  ,  2  oder  3,  dadurch  gekennzeich- 
net,  dali  der  relative  Abstand  der  weiteren  Gebie- 

45  te  (6,  7)  so  klein  ist,  dali  bei  einer  ublichen  Sperr- 
spannung  die  Verarmungsgebiete  einander  an 
der  Oberflache  (3)  beruhren. 

5.  Strahlungsempfindliche  Halbleiteranordnung 
50  nach  Anspruch  4,  dadurch  gekennzeichnet,,  dali 

der  relative  Abstand  der  weiteren  Gebiete  hoch- 
stens  5  nm  betragt. 

6.  Strahlungsempfindliche  Halbleiteranordnung 
55  nach  einem  der  vorhergehenden  Anspruche,  da- 

durch  gekennzeichnet,  dali  der  Abstand  des  er- 
sten  pn-Ubergangs  (5)  von  der  Oberflache  (3) 
mindestens  gleich  der  Eindringtiefe  der  zu  mes- 

to  the  first  semiconductor  region  (2),  to  the  fur-  35 
ther  regions  (6,7)  or  to  the  other  regions  (16,17) 
are  included  in  the  semiconductor  body  (1). 

13.  A  radiation-sensitive  semiconductor  device  as 
claimed  in  Claim  12,  characterized  in  that  the  am-  40 
plif  ier  (51  )  for  the  current  in  the  reading  members 
(11  ,1  2,22,23)  coupled  to  the  further  regions  (6,7) 
or  to  the  other  regions  (16,17)  is  a  Class  B  ampli- 
fier. 
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senden  elektromagnetischen  Strahlung  ist  und 
der  Abstand  der  weiteren  pn-Ubergange  (8,  9) 
von  der  Oberf  lache  (3)  in  bezugaufdie  genannte 
Eindringtiefe  klein  ist,  wahrend  die  genannten  Ab- 
stande  und  die  Dotierungskonzentrationen  der  5 
Halbleitergebiete  (2,  6,  7)  so  gewahlt  sind,  dali 
diese  Gebiete  (2,  6,  7)  bei  einer  ublichen  Sperr- 
spannung  am  pn-Ubergang  (5,  8,  9)  uber  die  ge- 
nannten  Abstande  vollstandig  verarmt  sind. 

10 
7.  Strahlungsempfindliche  Halbleiteranordnung 

nach  Anspruch  6,  die  geeignet  ist,  elektromagne- 
tische  Strahlung  zu  detektieren,  deren  Wellen- 
lange  zwischen  0,7  und  0,9  nm  liegt,  wahrend  der 
Halbleiterkorper(l)  Silicium  umfalit,  dadurch  ge-  15 
kennzeichnet.dali  der  Abstand  des  ersten  pn- 
Ubergangs  (5)  von  der  Oberflache  (3)  innerhalb 
des  Bereichs  von  5  bis  15  nm  liegt  und  der  Ab- 
stand  der  weiteren  pn-Ubergange  (8,  9)  von  der 
Oberflache  (3)  ungefahr  2  nm  betragt.  20 

8.  Strahlungsempfindliche  Halbleiteranordnung 
nach  Anspruch  7,  die  geeignet  ist,  elektromagne- 
tische  Strahlung  zu  detektieren,  deren  Wellen- 
lange  0,8  nm  betragt,  dadurch  gekennzeichnet,  25 
dali  der  Abstand  des  ersten  pn-Ubergangs  (5) 
von  der  Oberflache  (3)  ungefahr  9  nm  betragt. 

9.  Strahlungsempfindliche  Halbleiteranordnung 
nach  einem  der  vorhergehenden  Anspruche,  da-  30 
durch  gekennzeichnet,  dali  das  erste  Halbleiter- 
gebiet  (2)  Teil  einer  Epitaxieschicht  (13)  des  er- 
sten  Leitungstyps  ist,  die  sich  auf  einem  Halblei- 
tersubstrat  (14)  des  zweiten  Leitungstyps  befin- 
det  und  in  der  ein  von  der  Oberflache  (3)  aus  ver-  35 
sunkenes,  bis  zum  Halbleitersubstrat  (14)  rei- 
chendes  drittes  Halbleitergebiet  (15)  des  zweiten 
Leitungstyps  vorhanden  ist,  das  in  Projektion  ge- 
sehen  das  erste  Halbleitergebiet  (2)  einschlielit, 
wahrend  die  weiteren  Gebiete  (6,  7)  von  der  40 
Oberflache  (3)  aus  versunkene  Halbleitergebiete 
(6,  7)  sind. 

10.  Strahlungsempfindliche  Halbleiteranordnung 
nach  Anspruch  9,  dadurch  gekennzeichnet,  dali  45 
andere  an  der  Oberflache  (3)  liegende  Gebiete 
(16,  17)  des  zweiten  Leitungstyps  aulierhalb  des 
ersten  Halbleitergebiets  (2)  innerhalb  anderer 
Halbleitergebiete  (18,  19)  des  ersten  Leitungs- 
typs  vorhanden  sind,  die  innerhalb  des  Halblei-  50 
terkorpers  (1)  parallel  zur  Oberflache  (3)  und  un- 
ter  kleinerem  Abstand  davon  als  der  erste  pn- 
Ubergang  (5)  andere  pn-Ubergange  (20,  21)  mit 
den  genannten  anderen  Halbleitergebieten  (18, 
19)  bilden,  wobei  diese  anderen  Gebiete  (16,  17)  55 
mit  weiteren  Lesegliedern  (22,  23)  gekoppelt 
sind,  mit  denen  ein  Strom  gemessen  werden 
kann. 

11.  Strahlungsempfindliche  Halbleiteranordnung 
nach  Anspruch  1  0,  dadurch  gekennzeichnet,  dali 
das  erste  Halbleitergebiet  (2)  vom  n-Leitungstyp 
ist. 

12.  Strahlungsempfindliche  Halbleiteranordnung 
nach  einem  der  vorhergehenden  Anspruche,  da- 
durch  gekennzeichnet,  dali  Verstarker  (50,  51) 
fur  den  Strom,  der  in  den  mit  dem  ersten  Halblei- 
tergebiet  (2),  mit  den  weiteren  Gebieten  (6,  7) 
oder  den  anderen  Gebieten  (126,  17)  gekoppel- 
ten  Lesegliedern  (10,  11,  12,  22,  23)  flielit,  in  dem 
Halbleiterkorper  (1)  enthalten  sind. 

13.  Strahlungsempfindliche  Halbleiteranordnung 
nach  Anspruch  12,  dadurch  gekennzeichnet,  dali 
der  Verstarker  (51)  fur  den  Strom,  der  in  den  mit 
den  weiteren  Gebieten  (6,  7)  oder  den  anderen 
Gebieten  (126,  17)  gekoppelten  Lesegliedern 
(11,  12,  22,  23)flielit,  ein  Klasse-B-Verstarker  ist. 

14.  Strahlungsempfindliche  Halbleiteranordnung 
nach  Anspruch  12  oder  13,  dadurch  gekenn- 
zeichnet,  dali  der  Verstarker  (50)  fur  den  Strom, 
der  in  dem  mit  dem  ersten  Halbleitergebiet  (2)  ge- 
koppelten  Leseglied  (10)  flielit,  ein  Breitbandver- 
starker  ist. 

15.  Verwendung  einer  strahlungsempfindliche  Halb- 
leiteranordnung  nach  einem  dervorhergehenden 
Anspruche  in  einer  Lese-  oder  Schreibeinheit 
zum  Lesen  oder  Schreiben  von  Informationen  in 
einem  optischen  Aufzeichnungssystem. 

Revendications 

1.  Dispositif  semiconducteur  sensible  au  rayonne- 
ment  comprenant  un  corps  semiconducteur  (1) 
presentant  une  premiere  region  semiconductrice 
(2)  d'un  premier  type  de  conductivity  avoisinant 
par  une  face  la  surface  (3)  du  corps  semiconduc- 
teur  (1)  et  avoisinant  dans  le  corps  semiconduc- 
teur  (1)  a  une  certaine  distance  de  et  parallele- 
ment  a  la  surface  (3)  d'une  deuxieme  region  se- 
miconductrice  (4)  d'un  deuxieme  type  de  conduc- 
tivity  oppose  au  premier  type  et  formant  une  pre- 
miere  jonction  pn  (5)  avec  cette  derniere,  et 
comprenant,  vues  en  projection,  dans  la  deuxie- 
me  region  semiconductrice  (2)  au  moins  deux  au- 
tres  regions  (6,  7),  du  deuxieme  type  de  conduc- 
tivity,  qui  sont  situees  a  la  surface  (3)  et  qui  for- 
ment  chacune  une  autre  jonction  pn  (8,  9)  avec 
la  premiere  region  semiconductrice  (2)  parallele 
a  la  surface  (3)  et  a  une  plus  petite  distance  de 
cette  derniere  que  la  premiere  jonction  pn  (5),  ca- 
racterise  en  ce  que  la  premiere  region  semicon- 
ductrice  (2)  et  au  moins  les  deux  autres  regions 
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(6,  7)  sont  couplees  a  des  organes  de  lecture  (10, 
11,  12)  permettant  de  mesurer  des  signaux  de 
courantde  rayon  nement  dans  lesdites  regions  (2, 
6,  7). 

port  a  la  surface  (3)  est  petite  comparativement 
a  ladite  profondeurde  penetration,  alors  que  les- 
dites  distances  et  les  concentrations  de  dopage 
des  regions  semiconductrices  (2,  6,  7)  sont  choi- 
sies  de  facon  que  ces  regions  (2,  6,  7)  soient 
completement  epuisees  sur  lesdites  distances  a 
une  tension  de  coupure  usuelle  aux  extremites 
des  jonctions  pn  (5,  8,  9). 

autres  jonctions  pn  (8,  9)  et  la  surface  (3)  est 
d'environ  2  nm. 

8.  Dispositif  semiconducteur  sensible  au  rayonne- 
5  ment  selon  la  revendication  7,  qui  est  approprie 

a  detecter  du  rayonnement  electromagnetique, 
dont  la  longueur  d'onde  est  de  0,8  nm,  caracteri- 
se  en  ce  que  la  distance  comprise  entre  la  pre- 
miere  jonction  pn  (5)  et  la  surface  (3)  est  d'envi- 

10  ran  9  nm. 

9.  Dispositif  semiconducteur  sensible  au  rayonne- 
ment  selon  I'une  des  revendications  preceden- 
tes,  caracterise  en  ce  que  la  premiere  region  se- 

15  miconductrice  (2)  fait  partie  d'une  couche  epi- 
taxiale  (13)  du  premier  type  de  conductivity,  qui 
est  disposee  sur  un  substrat  semiconducteur  (1  4) 
du  deuxieme  type  de  conductivity  et  dans  laquel- 
le  est  presente  une  troisieme  region  semiconduc- 

20  trice  (15)  du  deuxieme  type  de  conductivity,  qui 
est  enfoncee  par  rapport  a  la  surface  (3),  qui  at- 
teint  le  substrat  semiconducteur  (14)  et  qui  enfer- 
me,  vue  en  projection,  la  premiere  region  semi- 
conductrice  (2),  alors  que  les  autres  regions  (6, 

25  7)  sont  des  regions  semiconductrices  (6,  7)  en- 
foncees  a  partir  de  la  surface  (3). 

10.  Dispositif  semiconducteur  sensible  au  rayonne- 
ment  selon  la  revendication  9,  caracterise  en  ce 

30  que  les  autres  regions  (16,  1  7)  du  deuxieme  type 
de  conductivity  situees  a  la  surface  (3)  sont  pre- 
sentes  a  I'exterieur  de  la  premiere  region  semi- 
conductrice  (2)  dans  d'autres  regions  semicon- 
ductrices  (1  8,  1  9)  du  premier  type  de  conductivi- 

35  te,  qui  forment  d'autres  jonctions  pn  20,  21  avec 
lesdites  autres  regions  semiconductrices  (1  8,  1  9) 
dans  le  corps  semiconducteur  (1)  paralleles  a  la 
surface  (3)  et  a  une  plus  petite  distance  de  cette 
derniere  que  la  premiere  jonction  pn  (5),  lesquel- 

40  les  autres  regions  (16,  17)  sont  couplees  a  d'au- 
tres  organes  de  lecture  (22,  23)  a  I'aide  desquels 
un  courant  peut  etre  mesure. 

11.  Dispositif  semiconducteur  sensible  au  rayonne- 
45  ment  selon  la  revendication  1  0,  caracterise  en  ce 

que  la  premiere  region  semiconductrice  (2)  est  du 
type  de  conductivity  n. 

12.  Dispositif  semiconducteur  sensible  au  rayonne- 
50  ment  selon  I'une  des  revendications  preceden- 

tes,  caracterise  en  ce  que  des  amplif  icateurs  (50, 
51)  pour  le  courant  dans  les  organes  de  lecture 
(10,  11,  12,  22,  23)  couples  a  la  premiere  region 
semiconductrice  (2),  aux  autres  regions  (6,  7)  ou 

55  aux  autres  regions  (16,  17)  sont  loges  dans  le 
corps  semiconducteur  (1). 

13.  Dispositif  semiconducteur  sensible  au  rayonne- 

7.  Dispositif  semiconducteur  sensible  a  rayonne-  50 
ment  selon  la  revendication  6,  qui  est  approprie 
a  detecter  du  rayonnement  electromagnetique, 
dont  la  longueur  d'onde  se  situe  entre  0,7  et  0,9 
nm,  alors  que  le  corps  semiconducteur  (1) 
contient  du  silicium,  caracterise  en  ce  que  la  dis-  55 
tance  comprise  entre  la  premiere  jonction  pn  (5) 
et  la  surface  (3)  se  situe  dans  la  gamme  comprise 
entre  5  et  1  5  nm  et  la  distance  comprise  entre  les 

2.  Dispositif  semiconducteur  sensible  au  rayonne- 
ment  selon  la  revendication  1,  caracterise  en  ce 
que  dans  la  premiere  region  semiconductrice  (2) 
sont  presentes  quatre  autres  regions  (6,  6',  7,  7'), 
qui  sont  situees  a  la  surface  et  qui  sont  disposees  10 
chacune  dans  un  quadrant  de  la  premiere  region 
semiconductrice  (2). 

3.  Dispositif  semiconducteur  sensible  au  rayonne- 
ment  selon  la  revendication  1  ou  2,  caracterise  en  15 
ce  que  les  autres  regions  (6,  7)  sont  des  regions 
semiconductrices  du  deuxieme  type  de  conduc- 
tivity,  qui  sont  enfoncees  a  partir  de  la  surface  (3) 
dans  la  premiere  region  semiconductrice  (2)  sur 
une  partie  de  I'epaisseur  de  cette  derniere.  20 

4.  Dispositif  semiconducteur  sensible  au  rayonne- 
ment  selon  la  revendication  1  ,  2  ou  3,  caracterise 
en  ce  que  la  distance  relative  des  autres  regions 
(6,  7)  est  tenement  petite  qu'a  une  tension  decou-  25 
pure  usuelle  les  regions  de  depletion  sont  en 
contact  I'une  avec  I'autre  a  la  surface  (3). 

5.  Dispositif  semiconducteur  sensible  au  rayonne- 
ment  selon  la  revendication  4,  caracterise  en  ce  30 
que  la  distance  relative  des  autres  regions  est 
d'au  moins  5  nm. 

6.  Dispositif  semiconducteur  sensible  au  rayonne- 
ment  selon  I'une  des  revendications  preceden-  35 
tes,  caracterise  en  ce  que  la  distance  de  la  pre- 
miere  jonction  pn  (5)  par  rapport  a  la  surface  (3) 
est  au  moins  egale  a  la  profondeur  de  penetration 
du  rayonnement  electromagnetique  a  mesurer  et 
la  distance  des  autres  jonctions  pn  (8,  9)  par  rap-  40 

10 



19  EP  0  405  670  B1  20 

ment  selon  la  revendication  12,  caracterise  en  ce 
que  I'amplificateur  (51)  pour  le  courant  dans  les 
organes  de  lecture  (11,  12,  22,  23)  couples  aux 
autres  regions  (6,  7)  ou  aux  autres  regions  (16, 
17)  est  un  amplificateur  de  classe  B.  5 

14.  Dispositif  semiconducteur  sensible  au  rayonne- 
ment  selon  la  revendication  12ou  13,  caracterise 
en  ce  que  I'amplificateur  (50)  pour  le  courant 
dans  I'organe  de  lecture  (1  0)  couple  a  la  premiere  10 
region  semiconductrice  (2)  est  un  amplificateur  a 
large  bande  (50). 

15.  Application  d'un  dispositif  semiconducteur  sensi- 
ble  au  rayonnement  selon  I'une  des  revendica-  15 
tions  precedentes,  dans  une  unite  de  lecture  ou 
d'inscription  pour  la  lecture  ou  I'inscription  d'in- 
formation  dans  un  systeme  d'enregistrement  op- 
tique. 
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